###### Strengths and limitations of this study

-   This study uses a complete record of all deaths in Scotland occurring over a long time period (1974--2015).

-   Deaths are carefully coded using the International Classification of Diseases and recorded as individual digital records which provides a robust dataset to examine.

-   There were insufficient deaths by assault to present more detailed visual analysis or to undertake detailed statistical modelling and the conclusions are based primarily on descriptive analyses of aggregated age groups and periods.

-   Aggregating across periods to reduce fluctuations in the data means that such incidents that cause a noticeable increase in deaths by assault in a specific year can appear of prominence across a time period.

-   Our analysis focused on the victims rather than perpetrators of assaults who could display different age, period or cohort effects. Exploration of the demographics of criminological data (such as conviction rates by sex, age and year) may be able to illuminate further.

Introduction {#s1}
============

Around 1950, the rate of improvement in Scotland's mortality started to lag behind that of the rest of Britain and other Western European countries, and some areas experienced an increase in mortality rates in the 1980s.[@R1] Scotland now has higher mortality rates and wider health inequalities than the rest of Western Europe.[@R1] Since 1981, less of the higher mortality compared with England and Wales has been able to be explained by area deprivation.[@R4] This excess mortality (ie, after accounting for deprivation), slower rate of improvement in mortality and greater health inequalities have been attributed to higher mortality from alcohol-related and drug-related deaths, violence (assault) and suicide (particularly in young adults) and higher mortality from heart disease, stroke and cancer throughout adulthood.[@R6]

Using age, period, cohort (APC) analysis to seek to understand the reasons behind the trends in these health outcomes, we have previously shown age-period interactions in the rise and fall of alcohol-related deaths[@R8] and cohort effects and sex-area deprivation interactions in the recent trends in suicide and drug-related deaths.[@R9] The latter cohort effects support an emerging hypothesis to explain the excess mortality in Scotland, namely that there is a greater vulnerability in Scotland to exposure to economic and social changes resulting from political changes of the 1980s.[@R7]

Although there are a number of existing epidemiological studies considering trends in deaths due to assault, none look for age, period and cohort effects.[@R11] This is important because cohort effects can remain hidden unless these are specifically sought.[@R12]

In this paper, we extend this exploration of APC patterns in external causes of death and the existing epidemiological analysis of deaths from assault in Scotland to consider whether age, period or cohort effects may be present in the trends in death due to assault since 1974 and whether there are inequalities by sex or deprivation.

Methods {#s2}
=======

Data sources {#s2-1}
------------

Data on the number of deaths due to assault by sex, single year of age at death, year of registration of death and postcode of residence for Scotland from 1974 to 2015 were obtained from the National Records of Scotland (NRS) (n=3936). Deaths were coded by International Classification of Diseases 8 (ICD 8) E960-E969 for 1974--1978 and by ICD 9 E960-E969 for 1979--1999 for deaths where the underlying cause was homicide and injury purposely inflicted by other persons and by ICD 10 X85-Y09 and Y87.1 for 2000 onward for deaths where the underlying cause was assault or sequelae of assault, collectively referred to in this paper as deaths due to assault. Deaths due to the Lockerbie bombing of December 1988, coded as assault by other specific explosive E9658 (n=267), were subsequently excluded. Data manipulation was performed using IBM SPSS Statistics V.19 and Microsoft Excel 2013.

Analyses by deprivation were based on Carstairs area deprivation scores (calculated using data from the nearest census on the prevalence of male unskilled social class, housing overcrowding, unemployment and car ownership) for postcode sectors, which were then ranked and divided into fifths (quintiles, where quintile 1=most deprived and quintile 5=least deprived).[@R14] Carstairs look-up files were obtained from Information Services Division Scotland (ISD) and deaths assigned to a Carstairs deprivation category. Cases with no associated Carstairs scores (n=217) were removed from the analyses by deprivation.

Mid-year population estimates for Scotland by sex and single year of age, from age 0 to 90+ years, were obtained from NRS. These are produced as official statistics and certified by the independent UK Statistics Authority as 'National Statistics', and clear governance, robust methodological procedures and quality assurance processes exist to ensure data quality.[@R15] Population data by Carstairs area deprivation, from age 0 to 85+ years, were obtained from ISD with interpolation between the censuses following robust methodological procedures. The age structure of the population data determined the upper age limit for analyses so analyses were restricted to those aged 0--90+ years, or aged 0--85+ years for the deprivation analysis. Subsequent to our analysis, a revision was made by NRS in their Scottish mid-year population estimates for 2002--2010, which affected the age distribution for those aged 81 years and above (see [https://www.nrscotland.gov.uk/files//statistics/population-estimates/mid-year-corrections/correction-to-age-distribution-mid-year-pop-estimates-2002-2010.pdf](https://www.nrscotland.gov.uk/files//statistics/population-estimates/mid-year-corrections/correction-to-age-distribution-mid-year%20pop-estimates-2002-2010.pdf)). Analysis involving repeating the analysis for [figures 1 and 2](#F1 F2){ref-type="fig"} with the revised population dataset showed that the revision in the population dataset had no effect on our results and conclusions drawn.

![Age-standardised rate of death by assault per 100 000 population per year in Scotland, 1974--2015, by sex.](bmjopen-2019-030064f01){#F1}

![Age distribution of crude rates of death by assault per 100 000 population per year in Scotland over periods 1974--1994 and 1995--2015 combined data, by sex.\* \*These age profiles show general trends with age across two time periods 1974--1994 and 1995--2015 and will have been affected by any age--period--cohort effects occurring during those periods.](bmjopen-2019-030064f02){#F2}

Patient and public involvement statement {#s2-2}
----------------------------------------

This study used deidentified secondary data. Patients were not involved in this study.

Descriptive analysis {#s2-3}
--------------------

We calculated age-standardised mortality rates for all ages from 1974 to 2015 by sex using the 2013 European Standard Population. For age effects analysis, data from 1974 to 1994 and data from 1995 to 2015 were separately combined for presentation of crude death rates by 5-year age groups (from 0-4 years to 90+ years) for age at death by sex. Further age effects investigation involved analysis of crude death rates by specified age groups for 3-year periods from 1974--1976 to 2013--2015.

For analysis by area deprivation, age-standardised mortality rates for all ages from 1974 to 2015 by sex and Carstairs quintile were calculated using the 2013 European Standard Population. Age effects investigation for men by area deprivation involved analysis of crude death rates by specified age groups for 3-year periods from 1974--1976 to 2013--2015.

We visually inspected trends to identify obvious age--period--cohort effects.

Results {#s3}
=======

Trends over time {#s3-1}
----------------

Age-standardised rates for assault deaths were higher among men than women for the entire period from 1974 to 2015 ([figure 1](#F1){ref-type="fig"}). Rates among men fell from 1974 to the mid-1980s, rose slightly until 1991, after which they increased rapidly and fluctuated at this higher level until 2006, and thereafter have steadily fallen. Rates for women in contrast have gradually fallen over the period.

Age effects {#s3-2}
-----------

Rates of deaths by assault are patterned by age for both men and women ([figure 2](#F2){ref-type="fig"}). Among men, rates were highest for those aged 20--24 years, falling steadily with increasing age until rising again among those over 80. Between 1974--1994 and 1995--2015, the age profile for men did not change markedly, although higher rates extended across those aged 20--49 years in the later period and were lower for those aged 60+ years. There was some fluctuation among the oldest age groups over time. The age profile for women differed from that for men for both periods with an absence of a peak in rates for those aged 20--24 years and all rates except that for those aged 5--9 years were lower over the 1995--2015 period.

The contribution of men aged 15--49 years to the increase in male mortality rate by assault from 1992--1994 to the end of 2004--2006 is clear from the age-stratified trend data (online [supplementary figure S1](#SP1){ref-type="supplementary-material"}), with a greater contribution from those aged 15--29 years ([figure 3](#F3){ref-type="fig"}).
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![Crude rates of death by assault per 100 000 population per 3-year periods in Scotland, 1974--2015, for men aged 15--29 years and 30--49 years.](bmjopen-2019-030064f03){#F3}

Inequalities by area deprivation {#s3-3}
--------------------------------

Deaths by assault for men are very unequal by area deprivation, with the overall rise in mortality during the late 1980s and the fall in the late 2000s almost entirely due to a rise and fall in the most deprived areas ([figure 4](#F4){ref-type="fig"} and [supplementary figure S2](#SP1){ref-type="supplementary-material"}). There are also inequalities by area deprivation in deaths from assault among women, but these are much less than for men.

![Age-standardised rate of death by assault per 100 000 population per year in Scotland, 1974--2015, by sex and Carstairs quintile.\* \*Quintile 1 = most deprived and Quintile 5 = least deprived.](bmjopen-2019-030064f04){#F4}

The deprivation gradient for deaths by assault among men is largely a result of the distribution of deaths for those aged 15--49 years ([figure 5](#F5){ref-type="fig"}).

![Crude rates of death by assault per 100,000 population per 3-year periods in Scotland, 1974-2015, for men aged 15-29 years and 30-49 years by Carstairs quintile\* \*Quintile 1 = most deprived and Quintile 5 = least deprived.](bmjopen-2019-030064f05){#F5}

Discussion {#s4}
==========

Main results {#s4-1}
------------

Rates of death by assault are greater among men than women over the period 1974--2015. Death rates increased dramatically for men from the start of the 1990s and remained elevated until 2006, and have since fallen. Those for women remained low and gradually fell over the period. Men of around 15--50 years of age substantially contribute to the higher rates observed among men and young adult men especially to the period of elevated death rate from the mid-1980s. The age groups most impacted did not change markedly over time, making cohort effects unlikely (see also online [supplementary figure S3](#SP1){ref-type="supplementary-material"}). Deaths by assault are very unequal and the rise in rate of death for men between the start of the 1990s and the mid-2000s is clearly driven by deaths in the two most deprived quintiles. The results for men reflect a 15-year age--period interaction effect evident for a specific sex--area deprivation group.

Strengths and weaknesses of the analysis {#s4-2}
----------------------------------------

We used individual digital records that were introduced by NRS in 1974. These include deaths for the whole population, for which causes have been determined by medical practitioners and then carefully coded, following robust procedures,[@R17] thus providing a complete record of all deaths in Scotland over the time period and a robust and long time series to examine the potential for APC effects. Coding changes over the time series would have had no impact on deaths identified as being due to assault. Both ICD 8 and ICD 9 are comparably coded as E960-969 'Homicide and injury purposely inflicted by other persons', and analysis by NRS has shown that the change from ICD 9 to ICD 10 did not impact numbers.[@R18] Our deprivation analysis used Carstairs deprivation indices, which are widely used and allow for analysis by deprivation pre-1996. Based on the census, they are therefore founded on robust underlying data but are limited by the availability of relevant census data and the size of the postcode sectors on which they are based.[@R19]

A consequence of the small number of deaths is that incidents that cause a noticeable increase in deaths by assault in a specific year will be evident in the data and appear of prominence causing the trends to fluctuate. Aggregating across periods to reduce the fluctuations in the data means that such incidents can appear of prominence across a time period rather than just a single year. While both of these are evident in our analysis, we do not feel that these consequences of dealing with small numbers affect our overall APC conclusions and the trends observed, although it does mean that there is a level of uncertainty around interpreting trends for specific individual ages. While coded as deaths due to assault, we removed deaths resulting from the Lockerbie bombing of December 1988 (which involved an aircraft crash in Scotland from an overflying aeroplane in which a bomb exploded) as these were unrelated to the deaths due to assault in Scotland that were the focus of this research and had a noticeable effect on the results. The small number of deaths also means that there were insufficient deaths by assault to present Lexis surface plots of age--year specific rates by age in a single year or to undertake formal statistical modelling of the data stratified by APC, using intrinsic estimator (IE) regression modelling, which overcomes the mathematical codependence of APC effects that negates the use of simple regression models, as we have previously undertaken for suicide and alcohol-related and drug-related deaths.[@R8] These methods require a level of disaggregation which would likely be disclosive, 'noisy' and too underpowered to clearly identify APC patterns and for IE modelling.

Additionally, disentangling APC effects is problematic, and while the IE modelling is a newer approach to statistical estimation, which overcomes the mathematical codependence of APC effects that negates the use of simple regression models, it still has limitations.[@R10] For instance, if used, cohort IE estimates especially would need to be interpreted with caution because there are limited observations for the first and last cohorts and also as we have limited information for each birth cohort across their entire lifecourse. This can lead to the age effects observed being misattributed by the IE model to a cohort effect. As a result, the conclusions in relation to APC effects are primarily based on the descriptive analyses of aggregated age groups and periods.

Our analysis looks at mortality in deaths due to assault and therefore the victims rather than the perpetrators of assaults. It may be that an APC analysis of perpetrators may be more likely to display cohort effects.

Comparison with other studies {#s4-3}
-----------------------------

Our results are consistent with and extend previous research demonstrating the most pronounced increase in death by assault for men aged 15--44 years in Scotland from 1980 to 2005, and the persistently higher rates for men and in more deprived areas.[@R11] This is very similar to the sociodemographic patterning of penetrating injuries found across the UK.[@R22]

Male death rates by assault are dominated by deaths due to a sharp object, most notably a knife, and has accounted for around 50% of all homicides in the last 10 years.[@R23] Increases in deaths due to sharp objects have been shown to have contributed to the increase in deaths by assault observed over the period 1980--2005 and will have largely contributed to the period effect we identified.[@R11] The rate of homicides involving knives being especially high in Glasgow, a city with areas of high deprivation. Similar to our findings, the incident of assault-related sharp force injury is also higher among younger people, men and those living in areas of social deprivation.[@R25] This incident rate has also been falling since 2009, most marked among younger age groups.[@R25]

The rise in mortality due to assault occurred at a similar time to the rise in alcohol-related and drug-related mortality and suicide in Scotland, all of which have been attributed to the changing political and social conditions of the 1980s.[@R7] There has been some suggestion that the recent decline in deaths from assault as we observed may be due to 'a public health approach' to violence, knife crime and gang culture adopted by the Violence Reduction Unit which was created by Strathclyde police in 2005 and later rolled out across Scotland.[@R26] Laws around the carrying of knives were also extended in 2006.[@R26] However, there is little evaluative evidence available to ascertain what, if any, contribution these initiatives had. Understanding the context of multiple deprivation, and the gendered environment in which violence occurs, and addressing these through a 'maximum diversionary approach', is evidenced as being effective at addressing (particularly youth) violence.[@R29]

Implications and conclusions {#s4-4}
----------------------------

Mortality due to assault is substantially more common among young men in deprived areas than for women, at older ages or for people living in less deprived areas. Mortality rates, and inequalities, increased markedly in the early 1990s and remained high until the mid-2000s before subsequently falling, but the age profile of victims changed little over time. There is therefore evidence of age and period effects, but little evidence of cohort effects, in deaths due to assault in Scotland. The 15-year period effect is likely to be due to similar factors that were behind the rise and fall of alcohol-related mortality,[@R8] the causes of which relate to a vulnerable population encountering a changed political, economic and social situation from the early 1980s which created a period of high unemployment, high income inequality and disinvestment from deprived communities.[@R7]
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